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(54) Resin composition of good long-run workability comprising ethylene-vinyl alcohol 
copolymer 



(57) Disclosed are a resin composition comprising 
an ethylene-vinyl alcohol copolymer and a multi-layered 
structure comprising the resin composition. The resin 
composition comprises an ethylene-vinyl alcohol copol- 
ymer, and is characterized in that, when it is heated in a 
nitrogen atmosphere at 220°C, its MFR (at 230°C under 
a load of 10.9 kg) shows a minimum value within 10 
hours after the start of heating it, and shows a maximum 
value (MFRmax) within 100 hours after showing its min- 
imum value, that it contains from 0.05 to 4 ujnols/g of a 
carboxylic acid (A), and that it satisfies the following for- 
mulae (1) and (2): 



fabricated Into laminates, and its moldings are yel- 
lowed little and have good appearances with few 
fish eyes (gels or hard spots) and streaks. While 
molded in melt, the resin composition ensures good 
long-run workability not smelling so much, and 
when recycled, it is yellowed little. 



0.5 £ MFRmax/MFRO £ 45 
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0.1 < (a1)/(A)< 1.0 
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wherein MFRmax indicates the maximum value of 
MFR (at 230°C under a load of 10.9 kg) of the resin 
composition heated in a nitrogen atmosphere at 
220°C; 

MFR0 indicates MFR (at 230°C under a load of 
10.9 kg) of the resin composition not heated; 
(A) indicates the total content (ujnol/g) of the car- 
boxylic acid (A) and its salt in the resin composition; 
(a1) indicates the content (u/nol/g) of a carboxylic 
acid (a1) having a molecular weight of at least 75 
and its salt in the resin composition. The resin com- 
position has good interlayer adhesiveness when 
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Description 

[0001 ] The present invention relates to a resin composition comprising an ethylene-vinyl alcohol copolymer (EVOH) 
and a multi-layered structure comprising the resin composition. The resin composition has good Interlayer adhesive- 
5 ness when fabricated into laminates, and its moldings are yellowed little and have good appearance with few fish eyes 
(gels or hard spots) and streaks. While molded in melt, the resin composition ensures good long-run workability, and 
when recycled, it is yellowed little. 

[0002] EVOH is a useful polymer material having good oxygen barrier properties, oil resistance, antistatic proper- 
ties and mechanical strength, and is widely used for various wrapping and packaging materials such as films, sheets 

10 and containers. Such wrapping and packaging materials are generally produced by molding polymers in melt. There- 
fore, the polymers for them are required to have good long-run workability in melt molding (that is, they can be molded 
into good moldings with neither fish eyes nor streaks even in long-run molding lines), and their moldings are required 
to have good appearance (that is, they are yellowed little and have few fish eyes). Another important matter with such 
melt-molding polymers recently discussed is their recyclability. Concretely, in case where wastes of EVOH moldings are 

15 recovered and again molded in melt through repeated heat history, they are required to have good recyclability (that is, 
the recovered EVOH wastes have good moldability) and the recycled EVOH moldings are required to be yellowed little. 
In addition, for producing EVOH moldings with good mechanical strength, moisture resistance and heat-sealability, in 
general, EVOH is co-extruded together with a substrate of e.g. polyolefinic resin to give multi-layered structures (e.g., 
laminates) in which the EVOH layer and the substrate resin layer are bonded to each other via an adhesive layer ther- 

20 ebetween. In those structures, therefore, the interlayer adhesiveness between the constituent resin layers is an impor- 
tant factor. Specifically, the matters indispensable to such melt-molding polymers are that their moldings have good 
appearance, that they ensure good long-run workability in mett-molding lines, that they are recyclable, and that their 
laminates ensure good interlayer adhesiveness. 

[0003] To meet the situation as above, various proposals have heretofore been made for producing good EVOH 
25 moldings by specifically processing EVOH with acids and/or metal salts, which include, for example, the following: 

(1) An EVOH composition is disclosed, which contains from 0.0005 to 0.05 % by weight (in terms of the metal) of 
a salt of a metal of Group 2 of the Periodic Table, from 0.002 to 0.2 % by weight of an acid having a pKa of at least 
3.5 and a boiling point of not lower than 1 80°C, and from 0.01 to 0.2 % by weight of an acid having a pKa of at least 

30 3.5 and a boiling point of not higher than 120°C, and having a specific melt viscosity (JP-A-66262/1989, US-A- 
5,118,743 ). It is said that the EVOH composition with such additives has improved long-run workability and its 
moldings have good appearance with few fish eyes. 

(2) Also disclosed is an EVOH resin composition, to which are added a hydroxycarboxylic acid and/or its salt, an 
alkali metal salt, an alkaline earth metal salt, a phosphate salt and a boron compound for improving the yellowing 

35 resistance, the appearance and the interlayer adhesiveness of the composition (JP-A-67898/1998). The EVOH 

resin composition of Example 1 in the laid-open specification contains, relative to 100 parts by weight of EVOH 
therein, 2000 ppm (in terms of the lactate radical) of lactic acid, 350 ppm (in terms of the metal element) of an alkali 
metal salt, 50 ppm (in terms of the metal element) of an alkaline earth metal, 30 ppm (in terms of the phosphorus 
element) of a phosphors compound, and 40 ppm (in terms of the boron element) of a boron compound. The EVOH 

40 resin composition of Comparative Example 7 therein contains, relative to 100 parts by weight of EVOH therein, 
1 230 ppm (in terms of the acetate radical) of acetic acid, 350 ppm (in terms of the metal) of sodium acetate, 50 ppm 
(in terms of the metal) of magnesium acetate, 30 ppm (in terms of the phosphorus element) of potassium dihydro- 
genphosphate, and 40 ppm (in terms of. the boron element) of boric acid, and it is said that the films of the compo- 
sition are yellowed and have some fish eyes, though having good interlayer adhesiveness. 

45 (3) Disclosed is an EVOH composition, to which are added from 0.001 to 1 % by weight fin terms of the boron ele- 
ment) of a boron compound, at most 0.05 % by weight of acetic acid, from 0.001 to 0.05 % by weight (in terms of 
the metal) of an acetic acid salt and/or from 0.0005 to 0.05 % by weight (in terms of the phosphate radical) of a 
phosphate salt for improving the appearance, the long-run workability, the stretchability and the interlayer adhesive- 
ness of the composition (WO99/05213, EP-A-930,339). 

so (4) Disclosed is an EVOH resin composition, to which are added from 0 to 1 % by weight (in terms of boron ele- 
ment) of a boron compound, from 0 to 0.05 % by weight of acetic acid, from 0 to 0.1 % by weight (in terms of the 
metal) of sodium acetate, and from 0.001 to 0.02 % by weight (in terms of the metal) of magnesium acetate and/or 
calcium acetate for improving the appearance, the long-run workability and the interlayer adhesiveness of the com- 
position (J P-A-1 06592/1 999, EP-A-906,924). 

55 (5) Disclosed is an EVOH resin composition, to which are added from 0.05 to 0.3 % by weight (in terms of the boron 
element) of a boron compound, from 0.001 to 0.02 % by weight (in terms of the metal) of sodium acetate, and from 
0.001 to 0.02 % by weight (in terms of the metal) of magnesium acetate for improving the long-run melt-moldability 
of the composition to give transparent moldings with few fish eyes and streaks (JP-A-60874/1 999). 
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[0004] In the related art disclosures (1) to (5), however, no one can find out an EVOH composition satisfying ail the 
necessary requirements of long-run workability In melt molding, good appearance of moldings, recyclabllity, yellowing 
resistance in recycling, and interlayer adhesiveness In laminates. Highly functional EVOH moldings of high quality are 
needed these days, but, at present, none of known moldings are on the satisfactory level that meets the requirements. 
5 [0005] Odorless EVOH resin compositions are desired for ensuring good working environments in producing them 
and in melting and molding them. Regarding the technique for reducing the smell of EVOH resin compositions, how- 
ever, nothing is referred to in the related art disclosures. 

[0006] The present invention solves the problems noted above. In one aspect thereof, the invention provides a resin 
composition comprising an ethylene-vinyl alcohol copolymer, which is characterized in that, when it is heated in a nitro- 
10 gen atmosphere at 220°C, its MFR (at 230°C under a load of 10.9 kg) shows a minimum value within 10 hours after the 
start of heating it, and shows a maximum value (MFRmax) within 100 hours after showing its minimum value, that it con- 
tains from 0.05 to 4 umol/g of a carboxylic acid (A), and that, it satisfies the following formulae (1) and (2): 

0.5 < MFRrnax/MFRO < 45 (1) 

15 

0.1 < (a1)/(A) < 1.0 (2) 

wherein MFRmax indicates the maximum value of MFR (at 230°C under a load of 10.9 kg) of the resin composition 
heated in a nitrogen atmosphere at 220°C; 
20 MFRQ indicates MFR (at 230°C under a load of 1 0.9 kg) of the resin composition not heated; 

(A) indicates the total content (umol/g) of the carboxylic acid (A) and its salt in the resin composition; 

(a1 ) indicates the content (umol/g) of a carboxylic acid (a1 ) having a molecular weight of at least 75 and its salt in 

the resin composition. This is hereinafter referred to as a first resin composition. 

25 [0007] One preferred embodiment of the first resin composition contains from 50 to 500 ppm, in terms of the metal 
element, of an alkali metal salt (B). Another preferred embodiment thereof contains from 1 0 to 1 20 ppm, in terms of the 
metal element, of an alkaline earth metal salt (C). 

[0008] Stiil another preferred embodiment of the first resin composition contains from 10 to 500 ppm, in terms of 
the phosphate radical, of a phosphate compound (D). 
30 [0009] Still another preferred embodiment thereof contains from 50 to 2000 ppm, in terms of the boron element, of 
a boron compound (E). 

[0010] In still another preferred embodiment of the first resin composition, the carboxylic acid (A) has a pKa of at 
least 3.5. In still another preferred embodiment thereof, the carboxylic acid (a1 ) having a molecular weight of at least 75 
is a hydroxycarboxylic acid, more preferably a lactic acid. 
35 [001 1 ] Still another preferred embodiment of the first resin composition satisfies the following formula (3): 

2 < [B (umol/g) + C (u,mol/g)]/[A (umol/g) + D (|xmol/g)] < 9 (3) 

wherein A indicates the content (umol/g) of the carboxylic acid (A) in the resin composition per the unit weight of 
40 the composition; 

B indicates the content (umol/g, in terms of the metal element) of the alkali metal salt (B) in the resin composition 
. per the unit weight of the composition; 

C indicates the content (umol/g, in terms of the metal element) of the alkaline earth metal salt (C) in the resin com- 
position per the unit weight of the composition; 
45 D indicates the content (umol/g, in terms of the phosphate radical) of the phosphate compound (D) in the resin 
composition per the unit weight of the composition. 

[0012] Another aspect of the invention provides a resin composition comprising an ethylene-vinyl alcohol copoly- 
mer, which is characterized in that, when it is heated in a nitrogen atmosphere at 220°C, its MFR (at 230°C under, a 

so load of 10.9 kg) shows a minimum value within 1 0 hours after the start of heating it, and shows a maximum value (MFR- 
max) within 100 hours after showing its minimum value, that it contains from 50 to 500 ppm of a carboxylic acid (a2) 
having a molecular weight of smaller than 75, from 50 to 500 ppm, in terms of the metal element, of an alkali metal salt 
(B), from 10 to 120 ppm, in terms of the metal element, of an alkaline earth metal salt (C), from 10 to 200 ppm, in terms 
of the phosphate radical, of a phosphate compound (D), and from 50 to 2000 ppm, in terms of the boron element, of a 

55 boron compound (E), and that it satisfies the following formula (1): 

0.5 £ MFRrnax/MFRO < 45 (1) 
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wherein MFRmax indicates the maximum value of MFR (at 230°C under a load of 1 0.9 kg) of the resin composition 
heated In a nitrogen atmosphere at 220°C; 

MFRO indicates MFR (at 230°C under a load of 10.9 kg) of the resin composition not heated. This is hereinafter 
referred to as a second resin composition. 

5 

[0013] In one preferred embodiment of the second resin composition, the carboxylic acid (a2) having a molecular 
weight of smaller than 75 is an acetic acid. 

[001 4] Another preferred embodiment of the second resin composition satisfies the following formula (4): 

w 1 < [B (jmmol/g) + C (n.mol/g))/[D (|imo!/g) + (a2) (jimol/g)) < 15 (4) 

wherein (a2) indicates the content (umol/g) of the carboxylic acid (a2) having a molecular weight of smaller than 75 
in the resin composition per the unit weight of the composition; 

B indicates the content (umol/g, in terms of the metal element) of the alkali metal salt (B) in the resin composition 
is per the unit weight of the composition; 

C indicates the content (ujnol/g, in terms of the metal element) of the alkaline earth metal salt (C) in the resin com- 
position per the unit weight of the composition; 

D Indicates the content (jwnol/g, in terms of the phosphate radical) of the phosphate compound (D) in the resin 
composition per the unit weight of the composition. 

20 

[0015] Preferably, the resin composition of the invention (including the first and second resin compositions - the 
same shall apply herein under) contains from 0.005 to 1 part by weight, relative to 100 parts by weight of the ethylene- 
vinyl alcohol copolymer therein, of a lubricant. 

[001 6] Also preferably, pellets of the resin composition of the invention have from 0.005 to 0.5 parts by weight, rel- 
25 ative to 1 00 parts by weight of the resin composition, of a lubricant adhered on their outer surfaces. 

[0017] The invention further provides a multi-layered structure comprising at least one layer of the resin composi- 
tion. 

Fig. 1 is a graph (1) showing the relationship between MFR (at 230°C under a load of 10.9 kg) of EVOH resin com- 
30 positions heated in a nitrogen atmosphere at 220°C and the time for heating them. 

Fig. 2 is a graph (2) showing the relationship between MFR (at 230°C under a load of 1 0.9 kg) of EVOH resin com- 
positions heated in a nitrogen atmosphere at 220°C and the time for heating them. 

[0018] EVOH for use in the invention is preferably obtained by saponifying an ethylene-vinyl ester copolymer. Par- 
35 ticularly preferred is an ethylene content of from 3 to 70 mol%. For ensuring good melt moldability of the resin compo- 
sition to give moldings with good gas barrier properties, the ethylene content of EVOH preferably falls between 1 0 and 
65 mol%, more preferably between 20 and 65 mol%, most preferably between 25 and 60 mol%. Also preferably, the 
degree of saponification of the vinyl ester moiety to give the vinyl alcohol moiety in EVOH is at least 80 %, but more 
preferably at least 95 % to ensure moldings with good gas barrier properties. Even more preferably it is at least 98 %, 
40 still more preferably at least 99 %. If the ethylene content of EVOH is larger than 70 mol%, the barrier properties and 
even the printability of the resin moldings may be poor. If the degree of saponification is smaller than 80 %. the barrier 
properties, the heat stability and the moisture resistance of the resin moldings may be poor. 

[001 9] EVOH having an ethylene content of from 3 to 20 mol% is favorable to applications where water-solubility is 
required. An aqueous solution of such EVOH is an excellent coating material with good stability capable of being formed 

45 into coating films with good barrier properties. 

[0020] One typical example of vinyl esters to be used in producing EVOH is vinyl acetate, which, however, is not 
limitative. Any other vinyl esters of fatty acids (e.g., vinyl propionate, vinyl pivalate, etc.) are usable herein. EVOH may 
contain from 0.0002 to 0.2 mol% of a vinylsilane compound serving as a comonomer. The vinylsilane compounds 
includes, for example, vinyltrimethoxysilane, vinyltriethoxysilane, vinyltri(p-methoxyethoxy)silane and ^methacryloxy- 

50 propylmethoxysilane. Of those, preferred are vinyltrimethoxysilane and vinyltriethoxysilane. 

[0021] The method of producing EVOH for use in the invention is described concretely. To produce it, for example, 
ethylene is polymerized with vinyl acetate in any desired manner including not only solution polymerization but also sus- 
pension polymerization, emulsion polymerization or bulk polymerization and in any desired mode of continuous or 
batchwise polymerization. One example of batchwise solution polymerization to produce the polymer is described, for 

55 which the polymerization condition is as follows. 
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Solvent: 

[0022] Alcohols are preferred, but any other organic solvents (e.g., dimethylsulfoxide) capable of dissolving ethyl- 
ene, vinyl esters and ethylene-vinyl ester copolymers may also be used. Alcohols usable herein include methyl alcohol, 
5 ethyl alcohol, propyl alcohol, n-butyl alcohol and t-butyl alcohol. Especially preferred is methyl alcohol. 

Catalyst: 

[0023] Usable are azonitrile-type initiators such as 2,2-azobisisobutyronitrile, 2,2-azobis-(2,4-dimethylvaleronitriie) 1 
10 2,2-azobis-(4-methoxy-2,4-dimethylvaleronitrile), and 2,2-azobis-(2-cyclopropyipropionitrile); organic peroxide-type ini- 
tiators such as isobutyryl peroxide, cumyl peroxyneodecanoate, diisopropyl peroxycarbonate, di-n-propyl peroxydicar- 
bonate, t-butyl peroxyneodecanoate, lauroyl peroxide, benzoyl peroxide and t-butyl hydroperoxide. 

Temperature: 

15 

[0024] 

20 to 90°C, preferably 40 to 70°C. 
20 Time: 
[0025] 

2 to 15 hours, preferably 3 to 1 1 hours. With continuous polymerization, the average residence time in the polym- 
25 erization vessel is desirably about the same. 

Degree of polymerization: 

[0026] 

30 

1 0 to 90 %, preferably 30 to BO % based on the vinyl ester fed into the reactor. 
Resin content of the solution after polymerization: 
35 [0027] 

5 to 85 %, preferably 20 to 70 %. 
Ethylene content of copolymer: 

40 

[0028] Preferably 3 to 70 mol%, more preferably 10 to 65 mol%, even more preferably 20 to 65 mol%, still more, 
preferably 25 to 60 mol%. . 

[0029] Except for ethylene and vinyl acetate, any other minor comonomers capable of copolymerizing with them 
may be present in the polymerization system. The comonomers include, for example, a-olefins such as propylene, iso- 
45 butylene, a-octene and a-dodecene; unsaturated acids such as acrylic acid, methacrylic acid, crotonic acid, maleic acid 
and itaconic acid; 

and their anhydrides, salts, or mono- ordi-alkyl esters; nitriles such as acrylonitrile and methacrylonitrile; amides 
such as acrylamide and methacrylamide; olefinsulfonic acids such as ethylenesulfonic acid, allylsulfonic acid and 
so methallylsuffonic acid; and their salts; alkyl vinyl ethers, vinyl ketones, N-vinylpyrrolidone, vinyl chloride and vinyli- 
dene chloride. 

[0030] After the monomers have been polymerized for a predetermined period of time to give the intended copoly- 
mer having a predetermined degree of polymerization, a polymerization inhibitor may be added thereto, if desired. 
55 Then, the non-reacted ethylene gas is evaporated away, and the non-reacted vinyl acetate is purged away. To purge the 
ethylene-vinyl acetate copolymer from the non-reacted vinyl acetate after the removal of ethylene from the copolymer 
through evaporation, for example, the copolymer solution is continuously run into a column filled with raschig rings, in 
the downward direction at a constant flow rate, while a vapor of an organic solvent such as methanol or the like is jetted 
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10 



into the column from its bottom, whereby a mixed vapor of the organic solvent such as methanol or the like and the non- 
reacted vinyl acetate Is run off from the column through Its top, and the copolymer solution from which the non-reacted 
vinyl acetate was removed Is taken out of the column through its bottom. 

[0031] An alkali catalyst is added to the copolymer solution from which the non-reacted vinyl acetate was removed, 
and it saponifies the vinyl acetate moiety of the copolymer. For this, employable is any of continuous or batchwise 
saponification. The alkali catalyst includes, for example, sodium hydroxide, potassium hydroxide and alkali metal alco- 
holates. One example of batchwise saponification is described, for which the condition is as follows. 

Concentration of copolymer solution: 

[0032] 

10 to 50%. 

15 Reaction temperature: 

[0033] 

30 to 60°C. 

20 

Amount of catalyst to be used: 
[0034] 

25 0.02 to 0.6 equivalents (based on the vinyl acetate moiety). 

Time: 
[0035] 

1 to 6 hours. 



30 



[0036] The degree of saponification of the saponified copolymer will vary, depending on the use of the copolymer, 
but is preferably at least 80 % of the vinyl acetate moieties, more preferably at least 95 % thereof, even more preferably 
35 at least 98 % thereof, still more preferably at least 99 % thereof. The degree of saponification could be varied in any 
desired manner by controlling the condition for saponification. 

[0037] After having been thus processed, the resulting ethylene-vinyl alcohol copolymer is optionally but preferably 
neutralized and then washed to remove the alkali catalyst, by-produced salts and other impurities therefrom. 
[0038] It is a matter of great importance that, when the resin composition of the invention (this is meant to include 
40 the first and second resin compositions of the invention, and the same shall apply hereinunder) is heated in a nitrogen 
atmosphere at 220°C, its M FR (at 230°C under a load of 1 0.9 kg) shows a minimum value within 1 0 hours after the start 
of heating it, and shows a maximum value (MFRmax) within 100 hours after showing its minimum value, and that the 
resin composition satisfies the following formula (1): 



45 



0.5 < MFRmax/MFRO < 45 (1) 

wherein MFRmax indicates the maximum value of MFR (at 230°C under a load of 10.9 kg) of the resin composition 
heated in a nitrogen atmosphere at 220°C; 

50 MFRO indicates MFR (at 230°C under a load of 1 0.9 kg) of the resin composition not heated. 

[0039] The EVOH resin composition of the invention characterized by the melt profile as above deposits little 
around the dies of molding machines where it is molded in melt. In addition, even when it is molded in melt for an 
extremely long period of time, its moldings (e.g., films) may have few fish eyes. In other words, the EVOH resin compo- 
55 sition of the invention enjoys extremely excellent long-run workability. 

[0040] As opposed to this, EVOH resin compositions not having the above constitution (for example, the composi- 
tion of Comparative Example 1-3 - see Fig. 1; and the composition of Comparative Example 2-3 - see Fig. 2) do not 
have the advantage of reducing their deposition around molding dies. In addition, when they are molded in long-run 
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molding lines, the number of fish eyes appearing in their moldings apparently increases. 

[0041] Through our careful studies, we, the present inventors have found that, while EVOH resin compositions not 
having the above constitution are molded in long-run molding lines, the frequency of fish eyes appearing in their mold- 
ings drastically increases. The drastic increase in the frequency of fish eyes appearing in the moldings is not forever 
5 throughout the molding operation, but, in general, the frequency of fish eyes appearing in them could be on an ordinary 
level within a few minutes to tens minutes after the start of the drastic increase in the frequency of fish eyes appearing 
in the moldings. However, the moldings with such increased fish eyes have poor appearance and are unacceptable for 
practical use. 

[0042] Surprisingly the resin composition of the invention can be molded into good moldings all the time even in 
w long-run melt-molding lines, and its moldings are all the time free from the trouble of drastic increase in the frequency 
of fish eyes appearing therein. Accordingly, with no trouble even in long-run operation, the resin composition of the 
invention can be safely molded into films and others that are required to have extremely good appearance, and the pro- 
ductivity of its moldings is always high. To that effect, the invention is of high significance. 
[0043] The EVOH resin composition of the invention satisfies the following formula (1): 

0.5 < MFRmax/MFRO < 45 (1) 

wherein MFRmax indicates the maximum value of MFR (at 230*C under a load of 10.9 kg) of the resin composition 
heated in a nitrogen atmosphere at 220°C; 

MFRO indicates MFR (at 230°C under a load of 1 0.9 kg) of the resin composition not heated. 

[0044] Preferably, the lowermost limit of MFRmax/MFRO is 0.7, more preferably 1. Also preferably, the uppermost 
limit of M FRmax/MFRO is 35, more preferably 20, most preferably 1 0. With its MFRmax/MFRO falling within the defined 
range the resin composition of the invention is free from the trouble of deposition of thermally-degraded resin around 
molding dies, and its moldings have few fish eyes. The advantages of the resin composition are that the frequency of 
fish eyes appearing in its moldings fluctuates little and is always negligible and that its moldings are yellowed little. 
[0045] In case where the ratio of MFRmax/MFRO is smaller than 0.5, the resin deposition around molding dies may 
increase to detract from the long-run workability of the resin composition, and, in addition, the frequency of fish eyes 
appearing in the resin moldings will fluctuate significantly. On the other hand, in case where the ratio MFRmax/MFRO 
is over 45, EVOH decomposes to a great extent to worsen the appearance of the resin moldings, as is obvious from the 
data of Comparative Examples 1 -4 and 2-4. # 
[0046] The carboxylic acid (A) for use in the invention is grouped into two, one being a carboxylic acid (at) having 
a molecular weight of at least 75, and the other being a carboxylic acid (a2) having a molecular weight of smaller than 
35 75 The carboxylic acid (a1 ) having a molecular weight of at least 75 includes, for example, succinic acid, adipic acid, 
benzoic acid, capric acid, iauric acid, glycolic acid, and lactic acid. In case where a dicarboxylic acid such as succinic 
acid or adipic acid is used, the resin moldings may have fish eyes. As opposed to this, a hydroxycarboxylic acid such 
as glycolic acid or lactic acid is preferred, as being free from such problems and having good solubility in water. Espe- 
cially preferred is lactic acid. More preferably, the carboxylic acid (a1) having a molecular weight of at least 75 has a 
40 molecular weight of at least 80, even more preferably at least 85, still more preferably at least 90. It is desirable to add 
such a carboxylic acid having a higher molecular weight to the resin composition, since, in the resin composition, the 
amount of the volatile component that may evaporate while the resin composition is molded could be reduced, and the 
resin composition smells little and has good long-run workability. 

[0047] For the carboxylic acid (a1 ) having a molecular weight of at least 75, preferred is lactic acid. This is because 
lactic acid is well soluble in water, as so mentioned hereinabove, and, in addition, its volatility is extremely small as com- 
pared with that of acetic acid. When the EVOH composition is pelletized, in general, its wet pellets are dried. In the dry- 
ing step the acid component, lactic acid in the wet pellets evaporates little, and the dried pellets can have more stable 
quality. In addition, the acidity of lactic acid (its pKa at 25°C is 3.858) is higher than that of acetic acid (its pKa at 25°C 
is 4 756) Therefore, the necessary amount of the acid component, lactic acid to be in the EVOH resin composition may 
so be small The advantages of using such low-volatile lactic acid in the EVOH resin composition are that the necessary 
amount of the acid to be in the composition may be small and that the acid can be surely prevented from running away 
from the reaction system of the composition being produced. Accordingly, the load to the operators who are in charge 
of producing the composition can be well reduced, and, in addition, the load to the surroundings around the production 
equipment (factories) can be also well reduced. 
55 [0048] The carboxylic acid (a2) having a molecular weight of smaller than 75 includes, for example, formic acid, 
acetic acid and propionic acid. Especially preferred is acetic acid, since it is inexpensive and its acidity is suitable for 
use herein, and since the pH of the resin composition containing it is easy to control. 

[0049] The alkali metal salt (B) for use in the invention is not specifically defined, for which, however, preferred are 
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sodium salts and potassium salts. The anion of the alkali metal sart (B) is not also specifically defined. Preferred are 
acetate, phosphate and lactate anions. 

[0050] The alkaline earth metal salt (C) for use in the invention is not specifically defined, for which, however, pre- 
ferred are magnesium salts, calcium salts, barium salts and beryllium salts. More preferred are magnes.um salts and 
calcium salts. The anion of the alkaline earth metal salt (C) is not also specifically defined. Preferred are acetate, lactate 

and phosphate anions. . . • 

[00511 The phosphate compound (D) for use in the invention includes, for example, various acids such as phos- 
phoric acid and phosphorous acid, and their salts, but is not limited to them. Any phosphate of any type of primary phos- 
phates, secondary phosphates and tertiary phosphates may be used in the resin composition, and its cation is not 
specifically defined. Preferred are alkali metal salts and alkaline earth metal salts such as those mentioned above. 
Above all, especially preferred is any of sodium dihydrogenphosphate, potassium dihydrogenphosphate, disodium 
hydrogenphosphate or dipotassium hydrogenphosphate as the phosphate compound (D) to be in the res.n composi- 

[0052] The boron compound (E) for use in the invention includes, for example, boric acids, esters of boric acids, 
salts of boric acids and boron hydrides, but is not limited to them. Concretely, the boric acids include orthobonc acid, 
metaboric acid and tetraboric acid; the esters of boric acids include Methyl borate and trimethyl borate; the salts of bone 
acids include alkali metal salts and alkaline metal salts of various types of boric acids such as those mentioned above, 
as well as borax. Of those compounds, especially preferred is orthoboric acid (this will be hereinafter referred to as bone 

[00531 The most significant characteristic of the EVOH resin composition of the invention is that, when it is heated 
in a nitrogen atmosphere at 220°C, its MFR (at 230°C under a load of 1 0.9 kg) shows a minimum value within 1 0 hours 
after the start of heating it. and shows a maximum value (MFRmax) within 100 hours after showing rts minimum value, 
that it satisfies the following formula (1) and that contains a specific amount of a carboxylic acid (A). 

0.5 < MFRmax/MFRO <, 45 C) 

wherein MFRmax indicates the maximum value of MFR (at 230°C under a load of 1 0.9 kg) of the resin composition 
heated in a nitrogen atmosphere at 220°C; 

MFRO indicates MFR (at 230°C under a load of 10.9 kg) of the resin composition not heated. 

[00541 Specifically, the first resin composition of the invention comprises an ethylene-vinyl alcohol copolymer and 
is characterized in that, when it is heated in a nitrogen atmosphere at 220-C, rts MFR (at 230°C under a load of 10.9 
kg) shows a minimum value within 10 hours after the start of heating it, and shows a maximum value (MFRmax) within 
100 hours after showing its minimum value, that it contains from 0.05 to 4 umol/g of a carboxylic acid (A), and that it 
35 satisfies the following formulae (1) and (2): 

0.5 5 MFRmax/MFRO < 45 0) 

0.1 S(a1)/(A)S1.0 ( 2 ) 

wherein MFRmax indicates the maximum value of MFR (at 230°C under a load of 10.9 kg) of the resin composition 
heated in a nitrogen atmosphere at 220°C; 

MFRO indicates MFR (at 230°C under a load of 10.9 kg) of the resin composition not heated; 
(A) indicates the total content (umol/g) of the carboxylic acid (A) and its salt in the resin composition; 
(e1) indicates the content (umol/g) of a carboxylic acid (a1) having a molecular weight of at least 75 and its salt in 
the resin composition.. 

[0055] In the first resin composition of the invention that satisfies the above formula (2), the content of the carboxylic 
acid (A) must fall between 0.05 and 4.5 umol/g. If the content of the carboxylic acid (A) therein is smaller than 0.06 
so umol/g, the resin composition will be strongly yellowed when melted. If, on the other hand, the content is larger than 4 5 
umol/g the resin composition will much smell, and, in addition, its adhesiveness, especially interlayer adhesiveness to 
resins neighboring thereto may be poor. The lowermost limit of the content of the carboxylic acid (A) in the resin com- 
position is preferably at least 0.1 umol/g, more preferably at least 0.2 umol/g. The uppermost limit of the content of the 
carboxylic acid (A) therein is preferably at most 3 umol/g, more preferably at most 2 umol/g, most preferably at most 1 .5 

55 [0056] ' In formula (2), the lowermost limit of the ratio (aiy(A) is preferably at least 0.5, more preferably at least 0.7, 
even more preferably at least 0.9, most preferably at least 0.98. 

[0057] Preferably, the first resin composition of the invention contains from 50 to 500 ppm, more preferably from 1 00 
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to 300 ppm, in terms ot the metal element, of an alkaH metal salt (B) for further 

position .n case where the content of the alkali metal salt (B) In the compos tlon * ^^^J^JJ, 
ness of the composition may be poor; but where the content Is larger than 500 ppm, the yellowing resistance of the 
composition may be poor. x 
ro058l Also preferably the first resin composition of the invention contains from 1 0 to 1 20 ppm more preferably 
Eoto 100 pp P m tnlermL the meta, element, of an alkaline earth metal salt (C). Containing an 
sTwithin the defined range, the time-dependent MFR change of the EVOH res,n composition .s easy to contreL 
Acuity while molded fn melt, the resin composition may be prevented from being degraded ""der heat, and the 
™u73 iheThernTally-degraded resin that may deposit around the dies of molding machines can be reduced In add, 
tajnortibii of the composition can be much improved. If, however, the content of the ^"e earth 
Sa s Jt in the composition is smaller than 1 0 ppm, the long-run workability of the compos*™ could not be .mpreved 
"o mlch f? on the comrary. the content is larger than 1 20 ppm, the composnion will be much 

ra0591 n case where L alkaline earth metal salt (C) in the resin composition is a magnes.um salt its content pref- 
Syfalls be^lO and 60 PP m in terms of the metal element, more preferab* ^ n f ^ ! »J^ 1 ^ 
where the alkaline earth metal salt (C) therein is a calcium salt, its content preferably falls between 20 and 120 ppm .n 
ffiime nf the metal element more preferably between 40 and 100 ppm. 

oSS ^ ScornposiSon of the invention contains a specific amount of a high-bo ling-po.nt carboxylic .acid 

Thaving a modular weight of at least 75. Therefore, even in .ong-run melt-mold ng <*^^* 
good moldfngs having good yel.owing resistance and good appearance In view of the produc ^ 
rtvitv the absence of a phosphate compound (D) in the resin composition will be often desirable However, addmg a 
ohelpnat ^com^und (S) to *e resin composition will further improve the long-run workability and the recyc.ab ,ty of 
KrLZsmon. n particular, in case where the resin composrtion to molded in long-run operat.cn that wjl con- 
"nue for a 3ays o mo^ or where it undergoes repeated heat history of repeated heat cycles (for example, when rts 
lldSs a^recUd), the phosphate compound (D), V any, therein will be significantly effectrve ,n .mprovng the yel- 

'rooS ^Z^X 0 ^^ phosphate compound (D) to be added to the resin composition falls between 
0 and 500 w^teZ o7the phosphate radical, more preferab* between 10 and 200 ppm. even more preferabfy 
oetween 20 anTl 50 ppm. Containing a phosphate compound within the range, the resin composrt.on may have higher 
veSo rasistance and better long-run workability and may be molded into moldings having better appearance^ How- 
SeH tSe content of the phosphate compound (D) therein is smaller than 1 0 ppm "^^^^i 
Towed when it is molded in melt, and the resin moldings will have poor appearance. In part.cular the problem with it wiU 
bTmore ser ous when the resin composition is subjected to repeated heat history (repeated hea cycles), an* asa 
JesuTltirecyc.abi.ity may be poor. On the other hand, if the content of the phosphate compound (D) therein ,s over 500 
nom the resin moldinqs will have many fish eyes and their appearances may be poor. 

ST Aso prefeS the first resin composition of the invention contains from 50 to 2000 ppm, in terms of the 
boron^lem^nt, o^ren compound (E). T^e EVOH resin composition containing a boron compound can have 
increased melt viscosity even when EVOH therein has a low degree of polymerization. The advantage of the EVOH 
TsrcSnpSoTrn wWch EVOH has a low degree of po^merization is that tt can be mo ded .n o better moldrngs vnth 
STSn eves and it has better long-run workability than ordinary EVOH resin composfons. In case where the f.rst 
^Jo^^!^ invention contains a boron compound (E), the resin deposition around molding 
meit-mTdmg operatton that will continue for a few days or more can be retarded to some degree, and, m addfon, the 
resin moldinqs can be effectively prevented from having fish eyes. 

OoeT The lowermost limit of the boron compound (E) to be in the resin composition "££^*J-"£^ 
more oreferably at least 1 00 ppm, even more preferably at least 1 50 ppm. The uppermost .mrt thereof e preferably at 
Zt Sppm more preferaSy at most 1000 ppm. If the content of the boron compound (E) " <^ ™ <^£? 
S?mallerthan 50 ppm fish eyes may increase in the resin moldings with the increase in the molding time. If so. there- 

ore the resS moE will have poor appearance when produced in long-run molding operat.cn. On he other hand 
^ver.Tthe conS of the boren compound (E) therein is larger than 2000 ppm. the resin composmon w..l read.* 

2 <, [B (|imol/g) + C (umol/g)]/[A (nmol/g) + D (|imol/g)] <. 9 ( 3 ) 
wherein A indicates the content (umo^g) of the carboxylic acid (A) in the resin composition perthe unit weight of 
B tn"cTste n content (jimol/g. in terms of the metal element) of the alkali meta. salt (B) in the resin composition 

ctl^t^ 
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position per the unit weight of the composition; 

D Indicates the content (umol/g, in terms of the phosphate radical) of the phosphate compound (D) in the resin 
composition per the unit weight of the composition. 

5 [0065] With the increase in the content of the alkali metal salt (B) and that of the alkaline earth metal salt (C) in the 
EVOH resin composition, the adhesiveness of the composition increases, the resin deposition around molding dies 
reduces, and the ratio MFRrnax/MFRO generally increases. However, adding too much of the alkaline metal salt (B) and 
the alkaline earth metal salt (C) to the resin composition may have some negative influences on the yellowing resist- 
ance of the composition and may decompose the resin composition to make it smell. 

10 [0086] Increasing the content of the carboxylic acid (A) and that of the phosphate compound (D) in the EVOH resin 
composition could enhance the yellowing resistance of the resin moldings, but generally lowers MFRrnax/MFRO. 
Appropriately adding the carboxylic acid (A) and the phosphate compound (D) thereto could enhance the long-run 
workability of the resin composition. However, adding too much of the carboxylic acid (A) and the phosphate compound 
(D) to the resin composition will rather increase fish eyes in the resin moldings and may lower the adhesiveness of the 

15 resin composition. Accordingly, the influences of the carboxylic acid (A), the alkali metal salt (B), the alkaline earth metal 
salt (C) and the phosphate compound (D) on the properties of the resin composition correlate to each other, and well- 
balanced formulation of these additives in the EVOH resin composition will enable the composition to satisfy all the 
requirements of non-odorousness, long-run workability in melt molding, good appearance, recyclability, yellowing 
resistance and inter layer adhesiveness. 

20 [0067] Specifically, the first resin composition that satisfies the above formula (3) enjoys well-balanced nter- 
layer adhesion strength and good appearance of its moldings. In case where the ratio 
[B (u,mol/g) + C (u,mol/g)]/[A (ujnol/g) 4- D (umol/g)] in the resin composition is smaller than 2, the intertayer adhesion 
strength of the composition will be low; but if larger than 9, the composition will be much yellowed and its 
moldings will have poor appearance. More preferably, the lowermost limit of the ratio 

25 [B (u.mo!/g) + C (u.mol/g)]/[A (nmol/g) + D (u,mol/g)] is at least 3, even more preferably at least 4. Also more preferably, 
the uppermost limit of the ratio is at most 8, even more preferably at most 7. 

[0068] We, the present inventors have further studied EVOH resin compositions not satisfying the above formula 
(2) with respect to the carboxylic acid (A) therein, and have found and developed another type of EVOH resin composi- 
tion (second resin composition) which can satisfy, though not defined by the formula (2), the requirements of yellowing 
30 resistance, good appearance with few fish eyes and streaks, long-run workability in melt molding, recyclability with no 
yellowing trouble, and good interlayer adhesiveness in laminates. 

[0069] The second resin composition of the invention comprises an ethylene-vinyl alcohol copolymer and is char- 
acterized in that, when it is heated in a nitrogen atmosphere at 220°C, its MFR (at 230°C under a load of 1 0.9 kg) shows 
a minimum value within 1 0 hours after the start of heating it, and shows a maximum value (MFRmax) within 100 hours 
35 after showing its minimum value, that it contains from 50 to 500 ppm of a carboxylic acid (a2) having a molecular weight 
of smaller than 75, from 50 to 500 ppm, in terms of the metal element, of an alkali metal salt (B), from 10 to 120 ppm, 
in terms of the metal element, of an alkaline earth metal salt (C), from 1 0 to 200 ppm, in terms of the phosphate radical, 
of a phosphate compound (D), and from 50 to 2000 ppm, in terms of the boron element, of a boron compound (E), and 
that it satisfies the following formula (1): 



40 



0.5 < MFRrnax/MFRO < 45 (1) 



wherein MFRmax indicates the maximum value of MFR (at 230°C under a load of 1 0.9 kg) of the resin composition 
heated in a nitrogen atmosphere at220°C; 
45 MFRO indicates MFR (at 230°C under a load of 1 0.9 kg) of the resin composition not heated. 

[0070] The second resin composition of the invention contains from 50 to 500 ppm of a carboxylic acid (a2) having 
a molecular weight of smaller than 75. The lowermost limit of the content of the carboxylic acid (a2) having a molecular 
weight of smaller than 75 in the composition is preferably at least 75 ppm, more preferably at least 1 00 ppm. The upper- 

so most limit of the content of the carboxylic acid (a2) having a molecular weight of smaller than 75 therein is preferably at 
most 400 ppm, more preferably at most 300 ppm. If, in the resin composition, the content of the carboxylic acid (a2) hav- 
ing a molecular weight of smaller than 75 is smaller than 50 ppm, the composition will be strongly yellowed when it is 
melted; but if it is larger than 500 ppm, the interlayer adhesiveness of the composition is poor. In one preferred embod- 
iment of the composition, the carboxylic acid (a2) having a molecular weight of smaller than 75 is acetic acid. 

55 [0071] The second resin composition of the invention contains from 50 to 500 ppm, in terms of the metal element, 
of an alkali metal salt (B). Preferably, the content of the alkali metal salt (B) in the composition falls between 100 and 
300 ppm. If the content is smaller than 50 ppm, the adhesiveness of the resin composition to other resins is poor, and 
especially the interlayer adhesiveness thereof in co-extrusion molding is poor. If, on the other hand, the content is larger 
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than 500 ppm, the resin composition will be strongly yellowed when it is meited. 

[0072] The second resin composition of the invention contains from 1 0 to 1 20 ppm, but preferably from 20 to 1 00 
ppm, in terms of the metal element, of an alkaline earth metal salt (C). The content of the alkaline earth metal salt (C) 
to fall within the defined range in the EVOH resin composition is a matter of great importance for controlling the time- 
5 dependent fluctuation of MFR of the composition. If the content of the alkaline earth metal salt (C) therein is smaller 
than 1 0 ppm, the long-run workability of the resin composition is poor; but if larger than 1 20 ppm, the resin composition 
will be strongly yellowed when melted. 

[0073] In case where the alkaline earth metal salt (C) in the resin composition is a magnesium salt, its preferred 
content therein falls between 10 and 60 ppm, more preferably between 20 and 50 ppm, in terms of the metal element. 

io In case where the alkaline earth metal salt (C) in the resin composition is a calcium salt, its preferred content therein 
falls between 20 and 120 ppm, more preferably between 40 and 100 ppm, in terms of the metal element. 
[0074] The second resin composition of the invention contains from 1 0 to 500 ppm, in terms of the phosphate rad- 
ical, of a phosphate compound (D). Preferably, the lowermost limit of the content of the phosphate compound (D) in the 
resin composition is at least 20 ppm, more preferably at least 30 ppm, most preferably at least 50 ppm. The uppermost 

is limit of the content of the phosphate compound (D) therein is preferably at most 250 ppm, more preferably at most 1 50 
ppm. Containing a phosphate compound within the defined range, the resin composition has better yellowing resistance 
and better long-run workability, and can be formed into moldings having better appearance. If the content of the phos- 
phate compound (D) therein is smaller than 1 0 ppm, the resin composition will be much yellowed and the appearance 
of its moldings may be poor. The tendency is especially noticeable when the resin composition undergoes heat history 

20 (heat cycles), and the recyclability of the resin composition may be poor. If, on the other hand, the content of the phos- 
phate compound (D) in the resin composition is larger than 500 ppm, the resin moldings will have many fish eyes, and 
their appearance will be therefore poor. 

[0075] The second resin composition of the invention contains from 50 to 2000 ppm, in terms of the boron element, 
of a boron compound (E). Preferably, the lowermost limit of the content of the boron compound (E) in the resin compo- 

25 s'rtion is at least 1 00 ppm, more preferably at least 150 ppm. The uppermost limit of the content of the boron compound 
(E) therein is preferably at most 1500 ppm, more preferably at most 1 000 ppm. If its content is smaller than 50 ppm, the 
boron compound (E) added to the resin composition will be ineffective in enhancing the long-run workability of the resin 
composition; but if larger than 2000 ppm, the resin composition will readily gel and will often fail to be molded into good 
moldings, and the appearance of the resin moldings may be poor. 

30 [0076] In case where the EVOH resin composition of the invention does not satisfy the above formula (2), or that is, 
in case where the ratio (a1)/(A) therein is smaller than 0.1 (provided that (A) indicates the total content (u/nol/g) of the 
carboxylic acid (A) and its salt in the resin composition, and (a1) indicates the content (nmol/g) of a carboxylic acid (a1) 
having a molecular weight of at least 75 and its salt in the resin composition), the resin composition must contain all the 
components noted above. In other words, the second resin composition of the invention ensures the advantages of the 

35 invention only when it contains all the indispensable components, carboxylic acid (a2) having a molecular weight of 
smaller than 75, alkali metal salt (B), alkaline earth metal salt (C), phosphate compound (D) and boron compound (E), 
with their amounts individually falling within the range specifically defined herein. As is obvious from the Examples and 
the Comparative Examples given hereinunder, the second resin composition of the invention fails to have good proper- 
ties if it lacks any one of the components (a2), (B), (C), (D) and (E). 

40 [0077] Preferably, the second resin composition of the invention satisfies the following formula (4) for more signifi- 
cantly ensuring the advantages of the invention. 

1 < [B <u,mol/g) + C (u.mol/g)]/[D (jimol/g) + (a2) (p.mol/g)J < 1 5 (4) 

45 wherein (a2) indicates the content (ujnol/g) of the carboxylic acid (a2) having a molecular weight of smaller than 75 
in the resin composition per the unit weight of the composition; 

B indicates the content (jimol/g, in terms of the metal element) of the alkali metal salt (B) in the resin composition 
per the unit weight of the composition; 

C indicates the content (umol/g, in terms of the metal element) of the alkaline earth metal salt (C) in the resin com- 
so position per the unit weight of the composition; 

D indicates the content (umol/g, in terms of the phosphate radical) of the phosphate compound (D) in the resin 
composition per the unit weight of the composition. 

[0078] With the increase in the content of the alkali metal salt (B) and that of the alkaline earth metal salt (C) in the 
55 EVOH resin composition, the adhesiveness of the composition increases, the resin deposition around molding dies 
reduces, and the ratio MFRmax/M FRO generally increases. However, adding too much of the alkaline metal salt (B) and 
the alkaline earth metal salt (C) to the resin composition may have some negative influences on the yellowing resist- 
ance of the composition and may decompose the resin composition to make it smell. 
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[0079] Increasing the content of the phosphate compound (D) and that of carboxylic acid (a2) having a molecular 
weight of smaller than 75 in the EVOH resin composition could enhance the yellowing resistance of the resin moldings, 
but generally lowers MFRmax/MFRO. Appropriately adding the phosphate compound (D) and the carboxylic acid (a2) 
having a molecular weight of smaller than 75 thereto could enhance the long-run workability of the resin composition. 
However, adding too much of the phosphate compound (D) and the carboxylic acid (a2) having a molecular weight of 
smaller than 75 to the resin composition will rather increase fish eyes In the resin moldings and may lower the adhe- 
siveness of the resin composition. Accordingly, the influences of the alkali metal salt (B), the alkaline earth metal salt 
(C), the phosphate compound (D) and the carboxylic acid (a2) having a molecular weight of smaller than 75 on the prop- 
erties of the resin composition correlate to each other, and well-balanced formulation of these additives in the EVOH 
resin composition will enable the composition to satisfy all the requirements of long-run workability in melt molding, 
good appearance, recyclability, yellowing resistance and interlayer adhesiveness. 
[0060] Specifically, the second resin composition that satisfies the above formula (4) enjoys well-balanced 
interlayer adhesion strength and good appearance of its moldings. In case where the ratio 
[B (u-mol/g) + C (u,mol/g)]/[D (u.mol/g) + (a2) (u.mol/g)] in the resin composition is smaller than 1 , the interlayer adhe- 
15 sion strength of the composition will be low; but if larger than 15, the composition will be much yellowed and 
its moldings will have poor appearance. More preferably, the uppermost limit of the ratio 
[B (u.mol/g) + C (jnmol/g)]/[D (u.mol/g) + (a2) (j^mol/g)] is at most 10, even more preferably at most 7, most preferably 
at most 5. 

[0081] Preferably, the EVOH resin composition of the invention(including the first and second resin compositions) 
20 contains from 0.005 to 1 part by weight, relative to 1 00 parts by weight of EVOH therein, of a lubricant. The lubricant, if 
any, in the resin composition reduces the resin deposition around molding dies, and enhances the yellowing resistance 
of recycled moldings and also the long-run workability of the resin composition. The effect of the lubricant is more 
remarkable when it is added to the first resin composition of the invention that contains a boron compound (E). 
[0082] In case where the first resin composition of the invention that contains a boron compound (E) is continuously 
25 molded in a long-run melt-molding line, the frequency of fish eyes appearing in the moldings may increase in some 
degree. Through our careful studies, however, we, the present inventors have surprisingly found that a lubricant, if 
added to the EVOH resin composition of that type in an amount of from 0.005 to 1 part by weight, relative to 100 parts 
by weight of EVOH therein, is significantly effective in preventing the fluctuation of the frequency of fish eyes appearing 
in the resin moldings for a long period of time even in long-run melt-molding operation. 
30 [0083] To the second resin composition of the invention that indispensably contains a boron compound (E), adding 
from 0.005 to 1 part by weight, relative to 1 00 parts by weight of EVOH in the composition, of a lubricant is also prefer- 
able, as the lubricant therein enhances the composition. 

[0084] Preferably, the lubricant content of the resin composition falls between 0.005 and 1 part by weight relative to 
1 00 parts by weight of EVOH in the composition. If the lubricant content is smaller than 0.005 parts by weight relative 

35 to 1 00 parts by weight of EVOH in the composition, the intended effect of the lubricant noted above may be unsatisfac- 
tory. On the other hand, if the lubricant content is larger than 1 part by weight relative to 1 00 parts by weight of EVOH 
in the composition, the resin moldings may often surge and the extrusion stability of the composition may be poor. More 
preferably, the lowermost limit of the lubricant content is at least 0.01 parts by weight relative to 100 parts by weight of 
EVOH in the resin composition; and the uppermost limit thereof is at most 0.8 parts by weight, even more preferably at 

40 most 0.7 parts by weight, most preferably at most 0.5 parts by weight relative to 1 00 parts by weight of EVOH in the 
composition. 

[0085] The lubricantfor use herein is not specifically defined, including, for example, metal salts of higher fatty acids 
(e.g., calcium stearate), low-molecular-weight polyolefins (e.g., low-molecular-weight polyethylene or polypropylene 
having a molecular weight of from 500 to 1 0000 or so), but not limited to them. Especially preferred for the lubricant are 
45 higher fatty acid amides, concretely including saturated higher fatty acid amides (e.g., stearic acid amide, palmitic acid 
amide and laurtc acid amide), unsaturated higher fatty acid amides (e.g., oleic acid amide and eruic acid amide), higher 
bis-fatty acid amides (e.g., ethylenebis-stearic acid amide and methylenebis-stearic acid amide). Higher fatty acids 
referred to herein are meant to indicate fatty acids having at least 6 carbon atoms, but preferably having at least 1 0 car- 
bon atoms. 

so [0086] The morphology of the lubricant is not specifically defined, including, for example, powders, solutions and 
liquid dispersions. The mode of adding such a lubricant to the resin composition of the invention is not also specifically 
defined. For example, employable is a method of melting and mixing a lubricant and a resin composition; a method of 
adding a lubricant to a saponified ethylene-vinyi acetate copolymer solution followed by extruding the resulting mixture 
into a coagulant bath to form polymer strands therein; or a combination of the two methods. 

55 [0087] Also preferably, pellets of the resin composition of the invention have from 0.005 to 0.5 parts by weight, rel- 
ative to 1 00 parts by weight of the composition, of a lubricant adhered to their outer surfaces. More preferably, the low- 
ermost limit of the lubricant to be adhered to the resin pellets is at least 0.01 parts by weight relative to 100 parts by 
weight of the resin composition; and the uppermost limit thereof is at most 0.3 parts by weight, even more preferably at 



12 



EP 1 090 953 A1 

most 0.2 parts by weight, most preferably at most 0.1 parts by weight relative to 100 parts by weight of the resin com- 
position. If the amount of the lubricant adhered onto the outer surfaces of the resin pellets is larger than 0.5 parts by 
weight relative to 100 parts by weight of the resin composition, the resin pellets may be difficult to stably feed Into 
extruders. The method of producing the resin pellets is not specifically defined. One preferred embodiment for it com- 

5 prises dryblending EVOH resin pellets and a lubricant. 

[0088] Preferably, the melt flow rate (MFR) of the EVOH resin composition of the invention falls between 0.1 and 
200 g/10 min. The MFR is measured at 190°C and under a load of 2160 g. For the EVOH resin composition having a 
melting point of around 190°C or above 190°C, its MFR is measured under a load of 2160 g at different temperatures 
not lower than its melting point. The data are plotted on a semi-logarithmic graph with the horizontal axis indicating the 

10 reciprocal of the absolute temperature and the vertical axis indicating the logarithm of the MFR measured, and the 
value corresponding to 190°C is extrapolated from the curve of the thus-plotted data. More preferably, the lowermost 
limit of the MFR of the resin composition is at least 0.2 g/1 0 min, even more preferably at least 0.5 g/1 0 min, most pref- 
erably at least 1 g/1 0 min; the uppermost limit thereof is more preferably at most 50 g/1 0 min, even more preferably at 
most 10 g/10 min, most preferably at most 7 g/10 min. If its MFR is smaller than 0.1 g/10 min, the resin composition 

15 being processed in an extruder will be in a high torque condition and its extrusion may be therefore difficult. On the other 
hand, if the MFR of the resin composition is larger than 200 g/1 0 min, it is unfavorable since the mechanical strength of 
the resin moldings of the resin composition may be low. 

[0089] If desired, the EVOH resin composition of the invention may be blended with different types of EVOHs each 
having a different degree of polymerization, a different ethylene content and a different degree of saponification. Also if 
20 desired, a suitable amount of various plasticizers, stabilizers, surfactants, colorants, UV absorbents, slip agents, anti- 
static agents, drying agents, crosslinking agents, metal salts, fillers and reinforcing agents such as various fibers, may 
be added to the resin composition. 

[0090] Also if desired, a suitable amount of any other thermoplastic resins may be added to the resin composition. 
Other thermoplastic resins that may be added to the resin composition include, for example, various types of polyolefins 

25 (e.g., polyethylene, polypropylene, poly-1-butene, poly-4-methyl-1 -pentene, ethylene-propylene copolymers, copoly- 
mers of ethylene with a-olefins having at least 4 carbon atoms, polyolefin-maleic anhydride copolymers, ethylene-vinyl 
ester copolymers, ethylene -aery late copolymers, and also modified polyolefins prepared by graft-modifying such poly- 
mers and copolymers with unsaturated carboxylic acids or their derivatives), various types of nylons (e.g., nylon-6, 
nylon-6,6, nylon-6/6,6 copolymers), and also polyvinyl chlorides, polyvinylidene chlorides, polyesters, polystyrenes, 

30 polyacrylonitriles, polyurethanes, polyacetals and modified polyvinyl alcohol resins. 

[0091] The method of adding a carboxylic acid (A) and optionally an alkali metal salt (B), an alkaline earth metal 
salt (C), a phosphate compound (D) and a boron compound (E) to EVOH for preparing the EVOH resin composition of 
the invention is not specifically defined. For example, employable is any of a method of dipping EVOH in a solution of 
the additive compounds; a method of melting EVOH followed by adding the additive compounds to the EVOH melt; and 

35 a method of dissolving EVOH in a suitable solvent followed by mixing the EVOH solution with the additive compounds. 
[0092] Of those, preferred is the method of dipping EVOH in a solution of the additive compounds for more favorably 
ensuring the effect of the invention. The treatment for the method may be effected in any mode of batch operation or 
continuous operation. For the treatment, the morphology of EVOH is not limited, including, for example, powders, gran- 
ules, spherical pellets and columnar pellets. 

40 [0093] In the method where EVOH is dipped in a solution containing a carboxylic acid (A) and optionally an alkali 
metal salt (B), an alkaline earth metal salt (C), a phosphate compound (D) and a boron compound (E), the concentra- 
tion of the carboxylic acid (A) and optionally alkali metal salt (B), alkaline earth metal salt (C), phosphate compound (D) 
and boron compound (E) to be in the solution is not specifically defined. The solvent for the solution is also not specif- 
ically defined. In view of its handlability, preferred is an aqueous solution. The dipping time will vary, depending on the 

45 morphology of EVOH, but is preferably not shorter than 1 hour, more preferably not shorter than 2 hours, for EVOH pel- 
lets having a size of from 1 to 1 0 mm or so. 

[0094] Regarding the dipping treatment of EVOH in the solution of the compounds, EVOH may be dipped in a plu- 
rality of different solutions separately containing any of the compounds, or may be dipped in one solution containing ail 
the compounds. In particular, especially preferred is dipping EVOH in one solution containing all of a carboxylic acid (A) 
so and optionally an alkali metal salt (B), an alkaline earth metal salt (C), a phosphate compound (D) and a boron com- 
pound (E), as the treatment in that manner is simple. After having been dipped in the solution, EVOH is finally dried and 
the intended EVOH composition is thus obtained. 

[0095] The EVOH resin composition obtained in the above manner is molded in melt into various moldings such as 
films, sheets, containers, pipes or fibers. The moldings can be recycled by grinding and re-molding them. The films, 
55 sheets and fibers of the composition may be uniaxially or biaxially stretched; For molding the composition in melt, 
employable is any mode of extrusion, inflation extrusion, blow molding, melt spinning or injection molding. The temper- 
ature at which the resin composition is melted varies, depending on the melting point of EVOH in the composition, but 
preferably falls between 150 and 270°C or so. 
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[0096] The EVOH resin composition of the invention may be molded into single-layered moldings of the composi- 
tion alone, but, in practical use, it is often molded Into multi-layered structures comprising at least one layer of the com- 
position in which the layer of the composition may be in any form of film, sheet or the like. The layer constitution of the 
multi-layered structures includes, for example, E/Ad/T and T/Ad/E/Ad/T, in which E indicates the EVOH resin composi- 

5 tlon of the invention, Ad indicates an adhesive resin, and T indicates a thermoplastic resin. However, these are not lim- 
itative. In the multi-layered structures, each layer may be single-layered, or, as the case may be, multi-layered. 
[0097] The method of producing the multi-layered structures as above is not specifically defined. For example, 
employable are a method of melt-extruding a thermoplastic resin onto a molding (e.g., film or sheet) of the EVOH resin 
composition; a method of co-extruding the EVOH resin composition along with any other thermoplastic resin, etc.; a 

10 method of co-injecting the EVOH resin composition along with any other thermoplastic resin; a method of laminating 
films or sheets of a molding of the EVOH resin composition and any other substrate via a known adhesive of, for exam- 
ple, organotitanium compounds, isocyanate compounds and polyester compounds therebetween. Of those, preferred 
is the method of co-extruding the EVOH resin composition along with any other thermoplastic resin. 
[0098] The thermoplastic resin that may be laminated with the EVOH resin composition of the invention includes, 

15 for example, homopolymers or copolymers of olefins such as linear low-density polyethylenes, low-density polyeth- 
ylenes, middle-density polyethylenes, high-density polyethylenes, ethyl ene-vinyl acetate copolymers, ethylene-propyl- 
ene copolymers, poly propylenes, propylene-ot-olefin copolymers (in which the a-olefin has from 4 to 20 carbon atoms), 
polybutenes and polypentenes; polyesters such as polyethylene terephthalates; polyester elastomers; polyarnide res- 
ins such as nylon-6 and nylon-6,6; as well as polystyrenes, polyvinyl chlorides, polyvinylidene chlorides, acrylic resins, 

20 vinyl ester resins, polyurethane elastomers, polycarbonate, chloropolyethylenes and chloropoiy propylenes, etc. Of 
those, preferred are polypropylenes, polyethylenes, ethylene-propylene copolymers, ethylene -vinyl acetate copoly- 
mers, polyamides, polystyrenes, and polyesters. 

[0099] In case where the EVOH resin composition of the invention is layered with a thermoplastic resin, an adhe- 
sive resin may be used therebetween. In that case, the adhesive resin preferably comprises a carboxylic acid-modified 

25 polyolefin. The carboxylic acid-modified polyolefin is preferably a modified olefinic polymer having carboxyl groups that 
may be prepared by chemically bonding an ethylenic unsaturated carboxylic acid or its anhydride to an olefinic polymer, 
for example, through addition reaction or grafting reaction. The olefinic polymer includes, for example, polyolefins such 
as polyethylenes (produced in low-pressure, middle-pressure or high-pressure process), linear low-density polyeth- 
ylenes, polypropylenes and polybutenes; copolymers of olefins with comonomers capable of copolymerizing with ole- 

30 fins (e.g., vinyl esters and unsaturated carboxyl ates), such as ethylene-vinyl acetate copolymers and ethylene-ethyl 
acrylate copolymers. Of those, preferred are linear low-density polyethylenes, ethylene-vinyl acetate copolymers (hav- 
ing a vinyl acetate content of from 5 to 55 % by weight), and ethylene-ethyl acrylate copolymers (having an ethyl acr- 
ylate content of from 8 to 35 % by weight); and more preferred are linear-low density polyethylenes and ethylene-vinyl 
acetate copolymers. The ethylenic unsaturated carboxylic acid and its anhydride include, for example, ethylenic unsatu- 

35 rated monocarboxylic acids and their esters, ethylenic unsaturated dicarboxylic acids and their mono- or di-esters and 
anhydrides. Of those, preferred are ethylenic unsaturated dicarboxylic acid anhydrides. Concretely, they include maleic 
acid, fumaric acid, "rtaconic acid, maleic anhydride, itaconic anhydride, monomethyl maleate, monoethyl maleate, diethyl 
maleate and monomethyl fumarate. Above all, most preferred is maleic anhydride. 

[0100] The amount of the ethylenic unsaturated carboxylic acid or its anhydride to be added to or grafted on the 
40 olefinic polymer (that is, the degree of modification of the polymer) may fall between 0.0001 and 1 5 % by weight of the 
olefinic polymer, but preferably between 0.001 and 1 0 % by weight. Addition reaction or grafting reaction of the ethylenic 
unsaturated carboxylic acid or its anhydride to the olefinic polymer may be effected, for example, through radical polym- 
erization in a solvent (e.g. xylene) in the presence of a catalyst (e.g., peroxide). The melt flow rate (MFR) of the thus- 
prepared, carboxylic acid-modified polyolefin, when measured at 1 90°C, preferably falls between 0.2 and 30 g/1 0 min, 
45 more preferably between 0.5 and 10 g/1 0 min. The adhesive resins may be used either singly as single layer or com- 
bined as two or more layers. 

[0101] For co-extruding the resin compositions of the invention along with a thermoplastic resin, for example, 
employable is any of a multi-manifold flow-combining T-die process, a feed block flow-combining T-die process, or an 
inflation process. 

so [0102] The thus-obtained, co-extruded multi-layered structures can be fabricated into various moldings (e.g., films, 
sheets, tubes or bottles), which include, for example, the following: 

(1) Multi-layered, co-stretched sheets or films, which are produced by uniaxially or biaxial ly stretching multi-layered 
structures (e.g., sheets or films), or biaxially stretching them, and thereafter thermally fixing them. 
55 (2) Multi-layered rolled sheets or films, which are produced by rolling multi-layered structures (e.g., sheets or films). 

(3) Multi-layered tray or cup containers, which are produced through vacuum forming, pressure forming, vacuum- 
pressure forming or isothermal forming of multi-layered structures (e.g., sheets or films). 

(4) Multi-layered bottle or cup containers, which are produced through stretch blow molding of multi-layered struc- 
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tures (e.g., pipes). 

[0103] The method for fabricating the multi-layered structures of the invention is not limited to the above, and any 
other known fabricating methods (e.g., blow molding) could apply to the structures. 

[0104] The multi-layered structures obtained in the manner as above smell little, and have few fish eyes. In addition, 
they are transparent and have few streaks. Therefore, they are favorable to materials for containers for drinks and edi- 
bles, for example, for deep-drawn containers, cup containers or botties. 

EXAMPLES 

[0105] The invention is described in more detail with reference to the following Examples, which, however, are not 
intended to restrict the scope of the invention. Unless otherwise specifically indicated, and "parts" referred to herein 
are all by weight Water used herein is all ion-exchanged water. 

is (1 ) Quantitative determination of the content of carboxy lie acid (A): 

[0106] 20 g of a sample of dry pellets is put into 1 00 ml of ion-exchanged water, and extracted under heat at 95°C 
for 6 hours. The resulting extract is subjected to acid-base titration with 1/50 N NaOH to determine the content of the 
carboxylic acid (A) in the sample. Phenolphthalein is used as an indicator. 



10 



20 



(2) Determination of the ratio of the content (u/nol/g) of carboxylic acid (a1 ) having a molecular weight of at least 75 and 
its salt to the total content (u/nol/g) of carboxylic acid (A) and Its salt: 



[0107] 20 g of a sample of dry pellets is put into 1 00 ml of ion-exchanged water, and extracted under heat at 95°C 
25 for 6 hours. The content of the acids (a1 ) and (A) and their salts in the resulting extract is determined through ion chro- 
matography, for which the column used is Yokokawa Electric's SCS5-252 and the eluent used is an aqueous solution of 
0.1 % phosphoric acid. From the data, the ratio of the content (umol/g) of the carboxylic acid (a1) having a molecular 
weight of at least 75 and its salt to the total content (u.mol/g) of the carboxylic acid (A) and its salt in the sample is 
obtained. 

30 

(3) Quantitative determination of alkali metal salt (B) and alkaline earth metal salt (C) (quantitative determination of Na, 
K, Mg and ca ions): 

[0108] 10 g of a sample of dry pellets is put into 50 ml of an aqueous solution of 0.01 N hydrochloric acid, and 
35 stirred at 95°C for 6 hours. After having been thus stirred, the aqueous solution is subjected to quantitative analysis 
through ion chromatography, and the amount of Na ions, K ions, Mg ions and Ca ions therein is quantitatively deter- 
mined. The column used is Yokokawa Electric's ICS-C25, and the eluent used is an aqueous solution containing 5.0 
mM tartaric acid and 1.0 mM 2,6-pyridinedicarboxylic acid. For the quantitative determination, used are calibration 
curves of aqueous solutions of sodium chloride, potassium chloride, magnesium chloride and calcium chloride. From 
40 the data of Na ions, K ions, Mg ions and Ca ions thus obtained, the content of the alkali metal salt (B) and the alkaline 
earth metal salt (C) in the sample of dry pellets is derived in terms of the metal. 

(4) Quantitative determination of phosphate ions: 

45 [0109] 10 g of a sample of dry pellets is put into 50 ml of an aqueous solution of 0.01 N hydrochloric acid, and 
stirred at 95°C for 6 hours. After having been thus stirred, the aqueous solution is subjected to quantitative analysis 
through ion chromatography, and the amount of phosphate ions therein is quantitatively determined. The column used 
is Yokokawa Electric's ICS-A23, and the eluent used is an aqueous solution containing 2.5 mM sodium carbonate and 
1.0 mM sodium hydrogencarbonate. For the quantitative determination, calibration curve of an aqueous solution of 

so sodium dihydrogen phosphate is used. From the data, the content, in terms of the phosphate radical, of the phosphate 
compound (D) in the sample is obtained. 

(5) Quantitative determination of boron compound (E): 

55 [01 10] 1 00 g of a sample of dry pellets is put into a ceramic crucible, and ashed in an electric furnace. The resulting 
ash is dissolved in 200 ml of an aqueous solution of 0.01 N nitric acid, and subjected to atomic absorption analysis to 
thereby determine the content, in terms of the boron element, of the boron compound (E) in the sample. 
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(6) Relationship between heating time and MFR: 

[01 1 1 ] From 3 to 4 g of a sample of dry pellets of the resin composition is put into a stainless steel pipe (having an 
inner diameter of 2.2 cm, a length of 12.5 cm and a capacity of 50 cm 3 ) in a nitrogen atmosphere, then the pipe is fully 
5 purged with nitrogen gas, and the sample therein is heated at 22G°C. To obtain its MFR, the sample having been thus 
subjected to the heat treatment is heated in a melt indexer {Takara Kygyo's Melt Indexer L203 (having a sample cylinder 
diameter of 9.48 mm0, a piston diameter of 9.48 mm0, a die diameter of 2.09 mm0, a die length of 8.01 mm)} at 230°C 
for 6 minutes, and measured under a load of 10.9 kg. 

io (7) Discoloration resistance: 

[0112] 8 g of a sample of dry pellets is sandwiched between hot plates (Shindo's desktop test press YS-5) heated 
at 230°C with the hot plates being spaced from each other by 5 mm. In that condition, the sample is heated for 1 0 min- 
utes. After having been thus heated, the sample was evaluated for macroscopic yellowing resistance according to the 
15 criteria mentioned below. 

A: Colorless. 

B: Slightly yellowed. 

C: Visibly yellowed. 

20 D: Strongly yellowed. 

(8) Test for forming single-layered films: 

[0113] A resin sample is formed into single-layered films according to the method mentioned below, and it is eval- 
25 uated based on the appearance of the films formed and on the resin deposition around dies indicating the long-run 
workability of the resin sample. 

Extruder used: single-screw extruder (with no bent), 
LVD: 20, 
30 Aperture: 20 mm0, 

Screw: single-thread full-flight screw made of surf ace -nitrided steel, 
Screw revolution: 40 rpm, 

Die: coated hunger-type die having a width of 300 mm, 
Lip-to-lip distance: 0.3 mm, 
35 Cylinder and die temperature: C1/C2/C3/die = 1 95/230/230/220 (°C). 

(8-a) Number of fish eyes appearing in films, and the fluctuation of the frequency of fish eyes appearing therein: 

[0114] In 8-day continuous film-forming operation as above, the film being formed is sampled at intervals of 1 hour, 
40 and the number of the fish eyes (having a macroscopically detectable size of at least about 150 u/n) seen on each film 
sampled is counted. From the number, per 1 .0 m 2 , of the thus-counted number of the fish eyes, obtained is the average 
number of the fish eyes having appeared in the film formed in one day. During the film-forming test, the films being 
formed are all the time macroscopically checked for streaks and fish eyes, and the frequency of abnormal increase in 
the streaks and gel-lie fish eyes (at least 1 0G/m 2 ) in one day is counted. 

45 

(8-b) Resin deposition around die: 

[0115] After 8-hour continuous film-forming operation as above, the EVOH resin in the extruder is substituted with 
LDPE (low-density polyethylene) having a MFR of 1, which takes one hour. The weight of the thermally-degraded 
so EVOH resin having deposited around the die is measured. From the data, the sample tested was evaluated for deposi- 
tion resistance according to the criteria mentioned below. 

A: Smaller than 1.5 g. 

B: From 1 .5 to 5 g. 

55 C: From 5 to 10 g. 

D: Over 10 g. 
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(9) Interlayer adhesiveness: 

[0116] A fresh sample of a three-type five-layered film prepared according to the co-extrusion molding method 
mentioned below is tested through autography (rate of pulling: 250 mm/min) for the 90-degree peeling strength between 
5 the EVOH layer and the adhesive resin layer, at 20°C and 65 % RH. From the data of the peeling strength thus obtained, 
the sample was evaluated for interlayer adhesiveness according to the criteria mentioned below. 

A: Over 500 g/1 5 mm. 
B: From 300 to 500 g/1 5 mm. 
w C: Smaller than 300 g/1 5 mm. 



Condition for co-extrusion molding: 
[0117] 

15 

Layer constitution: LLDPE/adhesive resin/EVOH resin composition/adhesive resin/LLDPE (thickness, 
50/10/10/10/50 ujn), 

LLDPE: Mitsui Chemical's Ultozex 3523L, 
Adhesive resin: Sumitomo Chemical's Bondine TX8030, 
20 Resin extrusion temperature: C1 /C2/C3/die = 1 70/1 7Q/220/220°C, 

Resin extruders: all T-die extruders, 

LLDPE: 320 extruder, GT-32-A Model (from Plastic Engineering Laboratory), 
Adhesive resin: 250 extruder, P25-1 SAC (from Osaka Seiki), 
EVOH: 200 extruder, laboratory-type ME Model CO-EXT (from Toyo Seiki), 
25 T-die: for 3-type 5-layered film, having a width of 300 mm (from Plastic Engineering Laboratory), 
Chill roll temperature: 50°C 
Take-up rate: 4 m/min. 

(10) Recyclability: 

30 

[0118] A sample of a single-layered EVOH film (sampled within 2 hours after the start of the molding operation in a 
continuous molding line) is milled, melted and again palletized (at 220°C). The pellets are molded into a film in the same 
manner as previously. 



35 (10-a) Yellowing resistance: 

[0119] The film is wound up around a paper board tube, and the rolled film is macroscopically checked for the 
degree of yellowing at its edges. The yellowing resistance of the film is evaluated according to the criteria mentioned 
below. 

40 

A: Colorless. 
B: Slightly yellowed. 
C: Visibly yellowed. 
D: Strongly yellowed. 

45 

(10-b) Fish eyes: 

[0120] One hour after the start of the molding operation, the film formed is sampled and checked for gel-like fish 
eyes (having a macroscopically detectable size of larger than about 100 urn). The number of the gel-like fish eyes seen 
so on the film is counted. From the number, per 1 .0 m 2 , of the thus-counted number of the gel-like fish eyes, the fish eye 
resistance of the sample is evaluated according to the criteria mentioned below. 

A: Smaller than 20. 

B: From 20 to 40. 

55 C: From 40 to 60. 

D: Over 60. 
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(11) Odor: 

[0121] 20 g of a sample of EVOH pellets is put into a 100-ml glass tube, and sealed with aluminium foil. The sample 
heated at 150°C for 90 minutes in a hot air drier. After having been taken out of the drier, the sample is left to cool at 
5 room temperature for 1 hour. The sample tube is shaken two or three times. The aluminium foil is removed, and the 
sample in the tube is sniffed. The odor of the sample is evaluated according to the criteria mentioned below. 

A: No smell. 

B: Slight smell. 

10 C: smell. 

D: Strong Smell. 

(12) Intrinsic viscosity: 

15 [0122] 0.20 g of EVOH pellets to be tested are sampled, and dissolved in 40 ml of aqueous phenol (water/phenol 
= 15/85 wt.%) under heat at 60°C over a period of 3 to 4 hours, and the viscosity of the resulting solution is measured 
with an Ostwald viscometer (to = 90 seconds). According to the following formula, the intrinsic (limiting) viscosity fa] of 
the sample is obtained 

20 fo] = (2 x (<n.sp - ln<n,rel)) 1/2 /C (l/g), 

t|sp = t/tO - 1 (specific viscosity), 
T|rel = t/t0 (relative viscosity), 
C: concentration of EVOH (g/l), 
25 tO: time taken by the blank (aqueous phenol) to pass through the viscometer, 

t: time taken by the sample-containing aqueous phenol to pass through the viscometer. 

Example 1-1: 

30 

[0123] A 45 % solution in methanol of ethylene-vinyl acetate copolymer having an ethylene content of 38 mol% was 
put into a reactor for saponification, to which was added a solution of sodium hydroxide in methanol (80 g/liter), the 
amount of sodium hydroxide added being 0.4 equivalents to the vinyl acetate moiety of the copolymer. Then, methanol 
was added thereto to produce a solution having a copolymer concentration of 20 %. This was heated up to 60°C and 
35 reacted for about 4 hours with nitrogen gas being introduced into the reactor. After 4 hours, this was neutralized with 
acetic acid to stop the reaction. This was extruded out into water through a die having a circular opening, solidified 
therein and cut into pellets each having a diameter of about 3 mm and a length of about 5 mm. The resulting pellets 
were dewatered in a centrifuge. A large amount of water was added thereto, and the pellets were again dewatered. This 
operation was repeated. 

40 [0124] 100 parts by weight of the wet pellets of ethylene-vinyl alcohol copolymer thus obtained (having an ethylene 
content of 38 mol%, a degree of saponification of 99.4 %, and a water content of 55 % by weight) were dipped in 370 
parts by weight of an aqueous solution containing sodium lactate (0.8 g/liter), magnesium lactate (0.31 g/liter), potas- 
sium dihydrogenphosphate (0. 1 7 g/liter), lactic acid (0.08 g/liter), and boric acid (0.32 g/liter) f at 25°C for 6 hours. After 
having been thus dipped, the pellets were dewatered, and dried at 80°Cfor 3 hours and then at 107°C for 24 hours in 

45 a hot air drier. Thus were obtained dry pellets. 1 00 parts by weight of the dry pellets were dryblended with 0.02 parts 
by weight of a lubricant, Alflow H-50T (ethyienebis-stearic acid amide, from Nippon Yushi). The product is EVOH resin 
composition pellets. 

[0125] In the dry pellets, the content of the carboxylic acid (A) was 0.90 nmol/g, the total content of the carboxylic 
acid (A) and its salt was 10.3 u,mol/g (in this, the content of the carboxylic acid (a1) having a molecular weight of at least 

50 75 and its salt was 1 0.3 u/nol/g), the content of the alkali metal salt (B) was 220 ppm in terms of the metal element, the 
content of the alkaline earth metal salt (C) was 35 ppm in terms of the metal element, the content of the phosphate com- 
pound (D) was 1 00 ppm in terms of the phosphate radical, and the content of the boron compound (E) was 240 ppm in 
terms of the boron element. The MFR (measured at 190°C under a load of 2160 g) of the EVOH resin composition pel- 
lets was 2.0 g/10 min; and the intrinsic viscosity thereof was 0.0B5 l/g. 

55 [0126] The EVOH resin composition pellets were tested according to the methods mentioned above for the relation- 
ship between the heating time and MFR (see Fig. 1) and for the yellowing resistance in melting them under heat. The 
M FR of the resin composition showed a minimum value within 1 0 hours after the start of heating it, and showed a max- 
imum value (MFRmax) within 1 00 hours after showing its minimum value. The ratio of MFRmax/MFRO of the resin com- 
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position was 1.8. In the heating test for the yellowing resistance of its melt, the resin composition was evaluated as 
grade A. 

[0127] The EVOH resin composition pellets were formed into single-layered films according to the method men- 
tioned above. The number of fish eyes seen on the films formed was counted; the frequency of the fish eyes seen on 

5 the films was analyzed as to whether and how it fluctuates; and the die used was checked for resin deposition around 
them. The frequency of the fish eyes was 6 or 7 per m 2 on average for the test period of 8 days, and was small. No 
abnormal increase in streaks and fish eyes was seen in the films formed, and the films ali had good appearance. For 
its deposition around the die used, the resin composition was evaluated as grade A. The test results support good long- 
run workability of the resin composition. 

10 [0128] The EVOH resin composition pellets were tested for interlayer adhesiveness according to the method men- 
tioned above. In the test for 90°-peeling strength between the EVOH resin composition and the adhesive resin, the fresh 
samples tested were evaluated as grade A. 

[0129] The single-layered film (sampled within 2 hours after the start of film formation) was tested for recyclability 
((a) yellowing resistance and (b) fish eye resistance) according to the methods mentioned above. The film samples 
is tested were all evaluated as grade A for both the yellowing resistance (a) and the fish eye resistance (b). 

[0130] The EVOH resin composition pellets were tested for their odor according to the method mentioned above. 
In the test, the same was evaluated as grade A. 
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Examples 1-2 to 1-6, Comparative Examples 1-1 to 1-4: 

[0131] Dry pellets were prepared in the same manner as in Example 1 -1 . In this, however, EVOH having an intrinsic 
viscosity as in Table 2 was used. After having been saponified, washed and dewatered, pellets of EVOH having an eth- 
ylene content of 38 mol% and a degree of saponification of 99.4 % were blended with or not blended with the lubricant, 
and then dipped in different processing solutions as in Table 1 . The dry pellets were formed into films and tested. The 



test data are in Table 3. 
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Example 2-1 : 

[0132] A 45 % solution in methanol of ethylene -vinyl acetate copolymer having an ethylene content of 38 mol% was 
put into a reactor for saponification, to which was added a solution of sodium hydroxide in methanol (80 g/liter), the 

5 amount of sodium hydroxide added being 0.4 equivalents to the vinyl acetate moiety of the copolymer. Then, methanol 
was added thereto to produce a solution having a copolymer concentration of 20 %. This was heated up to 60°C and 
reacted for about 4 hours with nitrogen gas being introduced into the reactor. After 4 hours, this was neutralized with 
acetic acid to stop the reaction. This was extruded out into water through a die having a circular opening, solidified 
therein and cut into pellets each having a diameter of about 3 mm and a length of about 5 mm. The resulting pellets 

10 were dewatered in a centrifuge. A large amount of water was added thereto, and the pellets were again dewatered. This 
operation was repeated. 

[01 33] 1 00 parts by weight of the wet EVOH pellets thus obtained (having an ethylene content of 38 mol%, a degree 
of saponification of 99.4 %, and a water content of 55 % by weight) were dipped in 370 parts by weight of an aqueous 
solution containing boric acid (0.32 g/liter), sodium acetate (0.4 g/liter), magnesium acetate (0.24 g/liter), potassium 

is dihydrogenphosphate (0.17 g/liter), and acetic acid (0.5 g/liter), at 25°C for 6 hours. After having been thus dipped, the 
pellets were dewatered, and dried at 80°C for 3 hours and then at 107°C for 24 hours in a hot air drier. Thus were 
obtained dry pellets. 100 parts by weight of the dry pellets were dryblended with 0.02 parts by weight of a lubricant, 
Alflow H-50T (ethylenebis-stearic acid amide, from Nippon Yushi). The product is EVOH resin composition pellets. 
[0134] In the dry pellets, the content of the carboxylic acid (a2) having a molecular weight of smaller than 75 (acetic 

20 acid) was 250 ppm, the content of the alkali metal salt (B) was 220 ppm in terms of the metal element, the content of 
the alkaline earth metal salt (C) was 35 ppm in terms of the metal element, the content of the phosphate compound (D) 
was 100 ppm in terms of the phosphate radical, and the content of the boron compound (E) was 240 ppm in terms of 
the boron element. The MFR (measured at 190°C under a load of 2160 g) of the EVOH resin composition pellets was 
2.0g/10min. 

25 [0135] The EVOH resin composition pellets were tested according to the methods mentioned above for the relation- 
ship between the heating time and MFR (see Fig. 2) and for the yellowing resistance in melting them under heat The 
MFR of the resin composition showed a minimum value within 1 0 hours after the start of heating it, and showed a max- 
imum value (MFRmax) within 100 hours after showing its minimum value. The ratio of MFRmax/MFRO of the resin com- 
position was 1.6. In the heating test for the yellowing resistance of its melt, the resin composition was evaluated as 

30 grade A. 

[0136] The EVOH resin composition pellets were formed into single-layered films according to the method men- 
tioned above. The number of fish eyes seen on the films formed was counted; the frequency of the fish eyes seen on 
the films was analyzed as to whether and how it fluctuates; and the die used was checked for resin deposition around 
them. The frequency of the fish eyes was 4 or 5 per m 2 on average for the test period of 8 days, and was small. No 
35 abnormal increase in streaks and fish eyes was seen in the films formed, and the films all had good appearance. For 
its deposition around the die used, the resin composition was evaluated as grade A. The test results support good long- 
run workability of the resin composition. 

[0137] The EVOH resin composition pellets were tested for interlayer adhesiveness according to the method men- 
tioned above. In the test for 90°-peeling strength between the EVOH resin composition and the adhesive resin, the fresh 
40 samples tested were evaluated as grade A. 

[0138] The single-layered film (sampled within 2 hours after the start of film formation) was tested for recyclability 
((a) yellowing resistance and (b) fish eye resistance) according to the methods mentioned above. The film samples 
tested were all evaluated as grade A for both the yellowing resistance (a) and the fish eye resistance (b). 

45 Examples 2-2 to 2-6, Comparative Examples 2-1 to 2-8: 

[0139] Dry pellets were prepared in the same manner as in Example 2-1. In this, however, EVOH having an intrinsic 
viscosity as in Table 5 was used. After having been saponified, washed and dewatered, pellets of EVOH having an eth- 
ylene content of 38 mol% and a degree of saponification of 99.4 % were blended with or not blended with the lubricant, 
so and then dipped in different processing solutions as in Table 4. The dry pellets were formed into films and tested. The 
test data are in Table 6. 



55 



23 



EP 1 090 953 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



i % 



a 
o 

■H 

H 
O 
W 

CD 
C 

«H 
CO 
CO 
<0 

o 
o 
u 

o 

C 

o 

•H 

-M 
«H 
w 
o 

! 



f 



I 

il 
i 



I 



<8 



<3 



Is 



2° 



llssssss 



CM CM 

-22 



233 



1 1 



3 



cl ci 



2S 



11 



35 



SSSSlS 



CN 

Ul iSlS 



55 



24 



EP 1 090 953 A1 



Intrinsic 
Viscosity (l/g) 


ii 


III 


ii 


CM 


1 0.085 I 


I 




1! 


\i 


I 


Ratio of 
Additive 
Compounds 


y- CM 
C\] CM 






CM 


5 








is 




is 

8: s 










CO 




s 








IT 

it 


11 






1 


1 

o 


1 


1 


I! 


i- 


1 


ill 


is 


If; 








I 


I 


I! 


Is 




!}I 


88 


88! 


3 s 


8 


o 


8 


s 






s 


lis 












O 


s 




3 a 








£ 8 f 


3 O 

CN 

<r cm 




s 


O 
CM 


o 

CM 
CM 


§s 


*«3 


S 

CM 


Carboxyfic Add 
having a molecular 
weight of smaller 
than 75 (a2) 
(ppm) 












o 

S3 


s 

CM 


si 




e 




Example 2-1 
Example 2-2 


Example 2-3 
Example 2-4 


<l CM 

8 a 


»— 

CM 


CM 
CM 

i 
3 


CO 
CM 

W 
UJ 

I 


K 
UJ 

I 


Comp. Ex. 2-5 


9 ■> 

M CM 

3.2 

II 


3 



25 



EP 1 090 953 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



H 
P 

W 
CD 
OS 

cn 

C 

i 

VO 

4) 
H 
.Q 

(0 





end Fish 


CO 

I 


o 


o 


o 




o 


CM 


a 






o 




o 


CM 


*~ 




\ in Streaks 


CO 

s 


o 


o 


o 


© 




CM 


° 


o 


CD 


o 




o 




*- 




if 


CO 

O 


o 


o 


o 


o 


o 






o 




o 


O 


o 


CM 


o 


E 

I 


f of Abnom 


CN 

§ 


<=> 




o 


o 


o 




o 


<o 


CO 


o 




o 




o 


Frequency 


i 

Q 


O 


CD 


o 


o 


o 




o 


o 


CO 


o 


o 


o 




o 


CO 

1 

E9 




I 


LO 


LO 


iri 


CM 


vs 


CM* 




to 




CM 


to 


r» 


CM 
CM 


CM 
I-- 


IS 

3 


1 


«o 


-««r 


<o 


to 




CO 


CD 


LO 
CO 




CM 


CO 


r~ 


*r 








Number of Fish E 


s 


LO 


TT 


LO 


n 

ir* 


^» 




c3 


CO 


CM 


a 


CM 


LO 


vr> 






CM 

s 




VO 


r-> 


cm 




CM 






CO 


CO 




<o 




CO 






I 




vn 






to 








^» 














ij 


around Die 


< 


< 


< 


CD 


< 


CO 


< 


< 


Q 


< 


< 


< 


CD 


CO 




LI- 


£ 

LD 




< 


< 


< 


m 


<c 


CO 


m 


CO 


CD 


CO 


< 


CO 


CO 


I 


'S* § 


1 

Resistance 


< 


< 


CD 




CD 


CD 


< 


O 


< 


O 


O 




o 


CO 


DiscoIoraUon 
Resistance t 


< 


< 


< 


< 


CD 


< 


< 


< 


< 


o 


o 


<■ 


CD 


•«£ 


Adhesive- 1 


CO 

1 




< 


< 


< 


< 


< 


< 


< 


< . 


< 


< 


O 


< 


a 




Cvi 


Ex. 2-2 


CVl 

■a 


CM 

d 


4 


CO 
CM 


Comp. 
Ex 2-1 


Comp. 
Ex. 2-2 


Comp. I 
Ex. 2-3 


O M 
O LU 


Comp. 
Ex. 2-5 


Comp. 1 
Ex. 2-6 


Comp. 
Ex. 2-7 


g*CM 
Q x* 
O LU 



55 



[0140] The EVOH resin compositions of the invention obtained in Examples 1 -1 to 1 -6 and in Examples 2-1 to 2-6 
all are yellowed little and give good moldings having good appearance with few fish eyes and streaks. They all ensure 
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good long-run workability in melt-molding them, and good recyclabilfty with good yellowing 

into laminates thev ensure qood interlayer adhesiveness. The resin composition of Example 1 -6 not containing a lubri- 
SrSSS*^ 11 containing ft. The former Is somewhat Inferior to the latter in point of the yel- 

Sia raXce and the fish eye resistance especially in recycling ft, and of the resin deposition around molding dies 
rSS^^TJLW the moldings of the former had more fish eyes and the frequency of abnorma. 
increase in fish eyes therein increased in some degree, but they are still on a practicable level. 
rm4ll As ooDosed to these, the adhesiveness of the EVOH resin composition of Comparative Examples 1-1 is 
LooT since^he content of the carboxylic acid (A) therein is larger than 4 nmol/g; and the yellowing resistance of the 
^S^P^^p^ Example 1-2 Is poor, since the content of the carboxylic acid (A) there- is 
smaller than 0.05 pmol/g. The moldings of the resin compositions of these Comparative Examples are not good, as 

£3 ^^composition of Comparative Example 1-3 does not satisfy ^^^^^ m 
resoect to the relationship between the heating time in a nitrogen atmosphere at 220°C and MFR (at 230 C under a 
TkarSedsely the requirement thereof Indicating that the MFR of the resin composition must show i im-: 
start of heating it, and must show a maximum value (MFRmax^thir , 1 00 houre 
afteTshowing its minimum value. When molded in melt, this deposited around the d,e to no small extent .and the fre- 
quency oTabnorma. increase in fish eyes appeared on its moldings much increased. It is understood that the produc- 
tivity of the moldings of the resin composition of Comparative Example 1-3 is i poor • . _ 67898/19g8 djs . 
roi431 The resin composition of Comparative Example 1 -4 is similar to that of Example 1 in JP-A-67898/1998 ^d.s 
oussed hereinabove. Its MFRmax/MFRO is over 45, and its yellowing resistance and adhesiveness are poor. In addibon, 
urhiio nmcessed in lona-run molding operation, its moldings had many fish eyes. 

ST The EVOH resin compositions of the invention obtained in Examples 2-1 to 2-6 a.l are yellowed Ute. and gnre 
aood moldings having good appearance with few fish eyes and streaks. They all ensure good long-run workability in 
ml ZZg the^ a 9 n d good recyclability with good yellowing resistance. When formed into laminates they ensu^ 
aoodTnter eSer adhesiveness. The resin composition of Example 2-6 not containing a lubricant is compared with that of 
lxampi?2Toon?aining it The former is somewhat inferior to the latter in point of the ye.low.ng resistance ^d the fish 
aye res stance especially in recycling it, and of the resin deposition around molding dies As compared with those of the 
StteUhTmoldin^s of the former had more fish eyes and the frequency of abnormal increase ,n fish eyes therein 
inrrf»ased in some deqree, but they are still on an practicable level. 
oo [01^7 As opposed to these, tne moldings of the resin composftion of Comparative Example 2- .not M • 
boron compound (E) had many fish eyes; and the yellowing resistance in recycling the moldings of the resin composi- 
tion of ComDarative Example 2-2 not containing a phosphate compound (D) is poor. 

01461 Th Tresln Composition of Compared Example 2-3 does not satisfy the requirement of the invention with 
"plot to the reSnshTp'between the nesting time in a nitrogen atmosphere at 220°C and MFR (at 230»C =under a 
oSoTlO 9 kg) precisely, the requirement thereof indicating that the MFR of the resin composition mus .show a ^m.ni- 
TlX^tu^urs after me start of heating it, and must show a maximum value (MFRmax) within 100 hours 
afteTshowing «^ Minimum value. When molded in melt, this deposited around the die to no small extent and the fre- 
qSncy oTLbnormal "increase in fish eyes appeared on its moldings much increased. It is underetood that the produc- 
tivitv of the moldinqs of the resin composition of Comparative Example 2-3 is poor. 

^ of molding fon Qf Examp , e 2 . 4 Qf whicn the ratl0 MFRmax/MFRO is over and that 

of Comparative Example 2-5 in which the content of the carboxylic acid <a2) having a molecular weight of smaller than 
?5?s toSn 50 ppm are both poor, as their yellowing resistance is not good. The resin composition o Comparative 
Ea^Te ^-6 "whSe content of the alkali metalsait (B) is lowerthan 50 ppm is also poor. 

mi«] The resin composition of Comparative Example 2-7 is similar to that of Comparative Example 7 in JP-A- 
67S1 998 discussed hereinabove. Its MFRmax/MFRO is over 45, and its yellowing res.stance is poor In ^addjon 
since the content of the boron compound (E) therein is lower than 50 ppm, its moldings produced in ong-run molding 
ooereSon had many eyes. The resin composition of Comparative Example 2-8 in which the content of the carboxylu: 
SS) having a molecular weight of smaller than 75 Is over 500 ppm is also not good, since fts adhesiveness is poor 

„ SSleinabove with reference to its embodiments, the invention provides an impreved 

EVOH resin composition and a multi-layered structure comprising ft. The resin composition has good 'nterlaye^dhe- 
s^eness when fabricated into laminates, and its moldings are yellowed little and have good appearances with fewjsh 
ayes (gels or Sara spots) and streaks. While molded in melt, the resin composition ensures good long-run workabilrty. 
and when recycled, it is yellowed little. 
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Claims 



A resin composition comprising an ethylene-vinyl alcohol copolymer, which is characterized in that, when ft is 
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heated in a nitrogen atmosphere at 22D°C, its MFR (at 230°C under a load of 10.9 kg) shows a minimum value 
within 10 hours after the start of heating it, and shows a maximum value (MFRmax) within 100 hours after showing 
Its minimum value, that it contains from 005 to 4 u/nols/g of a carboxylic acid (A), and that it satisfies the following 
formulae (1) and (2): 

5 

0.5 < MFRmax/MFRO < 45 (1) 

0.1 <(a1)/(A)^ 1.0 (2) 

10 wherein MFRmax indicates the maximum value of MFR (at 230°C under a load of 1 0.9 kg) of the resin compo- 

sition heated in a nitrogen atmosphere at 220°C; 

MFRO indicates MFR (at 230°C under a load of 10.9 kg) of the resin composition not heated; 
(A) indicates the total content (ujnol/g) of the carboxylic acid (A) and its salt in the resin composition; 
(a1) indicates the content (ujnol/g) of a carboxylic acid (a1) having a molecular weight of at least 75 and its salt 
15 in the resin composition. 

2. The resin composition as claimed in claim 1 , which contains from 50 to 500 ppm, in terms of the metal element, of 
an alkali metal salt (B). 

20 3. The resin composition as claimed in claim 1 or 2, which contains from 1 0 to 1 20 ppm, in terms of the metal element, 
of an alkaline earth metal salt (C). 

4. The resin composition as claimed in any of claims 1 to 3, which contains from 1 0 to 500 ppm, in terms of the phos- 
phate radical, of a phosphate compound (D). 

25 

5. The resin composition as claimed in any of claims 1 to 4, which contains from 50 to 2000 ppm, in terms of the boron 
element, of a boron compound (E). 

6. The resin composition as claimed in any of claims 1 to 5, wherein the carboxylic acid (at) having a molecular weight 
30 of at least 75 is a hydroxycarboxylic acid. 

7. The resin composition as claimed in any of claims 1 to 5, wherein the carboxylic acid (a1) having a molecular weight 
of at least 75 is a lactic acid. 

35 8. The resin composition as claimed in any of claims 1 to 7, which satisfies the following formula (3): 

2 < [B Uimol/g) + C (u,mol/g)]/[A (u.mol/g) + D (|xmol/g)] < 9 (3) 

wherein A indicates the content (u.mol/g) of the carboxylic acid (A), in the resin composition per the unit weight 
40 of the composition; 

B indicates the content (nmol/g, in terms of the metal element) of the alkali metal salt (B) in the resin compo- 
sition per the unit weight of the composition; 

C indicates the content (ujnol/g, in terms of the metal element) of the alkaline earth metal salt (C) in the resin 
composition per the unit weight of the composition; 
45 D indicates the content (umol/g, in terms of the phosphate radical) of the phosphate compound (D) in the resin 

composition per the unit weight of the composition. 

9. A resin composition comprising an ethylene-vinyl alcohol copolymer, which is characterized in that, when it is 
heated in a nitrogen atmosphere at 220°C, its MFR (at 230°C under a load of 10.9 kg) shows a minimum value 

so within 10 hours after the start of heating it, and shows a maximum value (MFRmax) within 100 hours after showing 
its minimum value, that it contains from 50 to 500 ppm of a carboxylic acid (a2) having a molecular weight of smaller 
than 75, from 50 to 500 ppm, in terms of the metal element, of an alkali metal salt (B), from 1 0 to 120 ppm, in terms 
of the metal element, of an alkaline earth metal salt (C), from 1 0 to 200 ppm, in terms of the phosphate radical, of 
a phosphate compound (D), and from 50 to 2000 ppm, in terms of the boron element, of a boron compound (E), 

55 and that it satisfies the following formula (1): 

0.5 < M FRmax/M FRO < 45 (1 ) 
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wherein MFRmax indicates the maximum value of MFR (at 230°C under a load of 1 0.9 kg) of the resin compo- 
sition heated in a nitrogen atmosphere at 220°C; 

MFRO indicates MFR (at 230°C under a load of 1 0.9 kg) of the resin composition not heated. 

5 10. The resin composition as claimed in claim 9, wherein the carboxylic acid (a2) having a molecular weight of smaller 
than 75 is an acetic acid. 

11. The resin composition as claimed in claim 9 or 10, which satisfies the following formula (4): 

w 1<,[B (umol/g) + C (umol/g)]/[D (umol/g) + (a2) (u,mo!/g)] < 1 5 (4) 

wherein (a2) indicates the content (umol/g) of the carboxylic acid (a2) having a molecular weight of smaller 
than 75 in the resin composition per the unit weight of the composition; 

B indicates the content (umol/g, in terms of the metal element) of the alkali metal salt (B) in the resin compo- 
15 srtion per the unit weight of the composition; 

C indicates the content (umol/g, in terms of the metal element) of the alkaline earth metal salt (C) In the resin 
composition per the unit weight of the composition; 

D indicates the content (umol/g, in terms of the phosphate radical) of the phosphate compound (D) in the resin 
composition per the unit weight of the composition. 

20 

12. The resin composition as claimed in any of claims 1 to 11, which contains from 0.005 to 1 part by weight, relative 
to 1 00 parts by weight of the ethylene-vinyl alcohol copolymer therein, of a lubricant. 

13. Pellets of the resin composition of any of claims 1 to 12, which have from 0.005 to 0.5 parts by weight, relative to 
25 1 00 parts by weight of the resin composition, of a lubricant adhered on their outer surfaces. 

14. A multi-layered structure comprising at least one layer of the resin composition of any of claims 1 to 12. 
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